The purpose of this study was to clarify the effects of popular Japanese alcoholic beverages on blood pressure. We performed a cross-sectional study on 4335 Japanese male workers using baseline data from an intervention study. We defined six groups according to the type of alcoholic beverage that provided two-thirds of the subject's total alcohol consumption: beer, sake (rice wine), shochu (traditional Japanese spirits), whiskey, wine and others. The partial regression coefficients of daily alcohol intake (1 drink ¼ 11.5 g of ethanol) to systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 0.87(Po0.001, standard error (s.e.) ¼ 0.09) and 0.77(Po0.001, s.e. ¼ 0.06), respectively. A comparison among the types of alcoholic beverages mainly consumed revealed significant differences in SBP and DBP. Both SBP and DBP were highest in the shochu group. However, an analysis of covariance adjusting for total alcohol consumption resulted in the disappearance of these differences. Although after adjustment for total alcohol consumption, the shochu group exhibited a significant positive association with 'high-normal blood pressure or greater' (odds ratio 1.43, 95% confidence interval 1.06-1.95) compared with the beer group, this significant relation disappeared after adjusting for the body mass index (BMI), urinary sodium and potassium excretion. The pressor effect, per se, of popular Japanese alcoholic beverages on blood pressure may not be different among the types of alcoholic beverages after adjusting for other lifestyle factors.
Introduction
Consumption of alcohol in Japan has been increasing during the post-Second World War period. 1 Alcohol consumption is known to be a risk factor for hypertension, [2] [3] [4] [5] [6] [7] [8] although inverse associations of moderate alcohol consumption with coronary heart disease, 9 ,10 diabetes 11 and ischemic stroke 12, 13 have been reported. Recently, epidemiologic researchers have been exploring the differing effects of various types of alcoholic beverages on cardiovascular disease or risk factors. [14] [15] [16] [17] [18] However, there are few studies that examine the association of the Japanese traditional alcoholic beverage with hypertension. Sake (Japanese rice wine) and shochu (spirits made from barley, sweet potato or rice or any combination of these) are traditional alcoholic beverages in Japan. 8 Previous studies have demonstrated that in subjects who consume mainly (or exclusively) sake, there is a higher prevalence of hypertension than in those who consume other alcoholic beverages. 5, 8 The purpose of this study was to clarify the effects of specific alcoholic beverages on blood pressure, so that this information may be taken into consideration when planning a populational prevention programme for hypertension. Towards this end, we performed a cross-sectional study in a large Japanese worksite population.
Materials and methods

Study population
We used the baseline data from a large intervention study named the High-risk and Population Strategy for Occupational Health Promotion Study (HIPOP-OHP study). The details of this study have been described elsewhere. 19 Briefly, 12 participating companies were divided into an intervention group (Companies A-F), in which the health-related environment was improved based on a population strategy and a control group (Companies H-L). Company A was the head office of a life insurance company, Companies D and H were factories of chemical companies and the other nine companies were factories of electrical appliance manufacturers. The population strategy for health promotion consists of three fields, that is, nutrition, physical activity, and smoking. In each field, a researcher's working team was organized and has been supporting the intervention. This study was carried out as a health promotion activity to increase work efficiency at each company, and approval for the study was obtained from the Institutional Review Board of Shiga University of Medical Science for ethical issues (No. 10-16).
Data collection and standardization
In 1999 or 2000, a baseline exam was performed on 7226 participants (5346 males and 1880 females). After a 5-min rest, blood pressure was measured twice on each participant, using the same automatic sphygmomanometer (Nihon Colin, BP-103iII) at each company, and the mean value was recorded. Hypertension was defined as a systolic blood pressure (SBP) of 140 mmHg or higher, or a diastolic blood pressure (DBP) of 90 mmHg or higher, or any combination of these. As the population of the study was composed of young and substantially healthy workers, the prevalence of hypertension was presumed to be relatively low and without sufficient statistical power. Additionally, recent studies have suggested that high-normal blood pressure is a causal risk factor for cardiovascular disease. 20, 21 Therefore, we also defined a 'high-normal or greater' blood pressure for use in this analysis. 'High-normal blood pressure or greater' was defined as a SBP of 130 mmHg or higher, or a DBP of 85 mmHg or higher, or any combination of these. Serum gamma-glutamyl-transpeptidase activity (g-GTP) was measured using a colorimetric method. The body mass index (BMI) was calculated as weight (kg) divided by the height squared (m 2 ). Drinking habits for each subject were assessed by a questionnaire common to all companies. 9, 22 The frequency of alcohol consumption during a typical week and the total alcohol intake on each occasion was determined and used to calculate the alcohol intake per week. This value was then divided by 7 to obtain the average alcohol intake per day. Subjects were asked to estimate their alcohol intake based on gou, a traditional Japanese drinking unit corresponding to 23 g of ethanol.
One gou is equivalent to 180 ml of sake, and its ethanol content is roughly equivalent to that of a bottle of beer (663 ml), two single shots of whiskey (70 ml), a half glass of shochu (110 ml), or 240 ml of wine. Hatupousyu, which has a taste and ethanol concentration similar to that of beer but includes less malt as a raw material, was calculated as beer. In this study, we defined half a gou as one drink (11.5 g of ethanol), a value nearly equal to a 'standard' drink in most countries. 23 Drinkers were defined as those consuming more than 0.6 drinks per week (1 g of ethanol a day). As most drinkers consumed a variety of alcoholic beverages, we defined groups according to the type of beverage most often consumed. Individuals were classified into a specific alcoholic beverage group when the amount of ethanol from that particular beverage exceeded two-thirds of the total amount of ethanol intake, as in a previous study. 5 The groups were defined as beer, sake, shochu, whisky or wine. Drinkers who could not be classified into any of these five groups were defined as 'other'.
Dietary salt intake was assessed as urinary sodium excretion. A formula was used to estimate the 24-h sodium excretion from the sodium and creatinine concentrations of a spot urine. 24 Potassium excretion per day was also calculated.
Statistical analysis
The participants who belonged to Company L (n ¼ 526) were excluded from the analysis, because we did not use the same automatic sphygmomanometer that was used in other companies. Additionally, only 21.1% of the female subjects were Type of alcoholic beverage and BP in Japan T Okamura et al classified as drinkers. This low prevalence did not allow an alcoholic beverage-specific analysis, so we used data only from the male subjects. Of 5346 males, a total of 1011 were excluded for the use of antihypertensive agents (n ¼ 171) or a lack of information on the questionnaire (n ¼ 840). Finally, we analysed 4335 subjects (1782 nondrinkers and 2553 drinkers), whose mean age was 38.2 years (range, 20-69; standard deviation, 9.4). The Statistical Package for Social Science (SPSS ver.10.0J; SPSS Japan, Tokyo) software was used for statistical analysis. As the distribution of serum g-GTP was positively skewed, a logarithmic transformation was used to normalize the distribution. The t-test or the Wilcoxon rank-sum test was used for comparison of the means of risk characteristics between nondrinkers and drinkers. For comparison of the means across the specific alcoholic beverage group, a one-way analysis of variance or KruskalWallis test was used. A linear regression analysis was used to examine the contribution of alcohol consumption (one drink) to blood pressure level in each company by adjusting for age, BMI, urinary sodium and potassium excretion. The partial regression coefficient for total participants was calculated by weighing the partial regression coefficient of each company with the square reciprocal of each standard error. 25 For comparison of the means of blood pressures, analyses of covariance were performed three times adjusting for age, for age and alcohol consumption, and for age, alcohol consumption, BMI, and urinary sodium and potassium excretion. Logistic regression analysis was used to examine the contribution of each type of alcoholic beverage to 'high-normal blood pressure or greater' or to hypertension by adjusting for age (model 1), age and alcohol consumption (model 2) and for all confounding variables (model 3). The group who mainly consumed beer was defined as being a standard.
All probability values were two-tailed and all confidence intervals were estimated at the 95% level.
Results Table 1 shows the risk characteristics according to drinking habits. Compared with those of nondrinkers, the mean age, urinary sodium excretion, urinary potassium excretion and g-GTP of drinkers were all significantly greater. The mean alcohol consumption of drinkers was 30.8 g/day. A comparison of the groups classified by the type of alcoholic beverage consumed revealed significant differences in age, BMI, urinary potassium, g-GTP and total alcohol consumption. Total alcohol consumption tended to decrease in the order of shochu4 sake4other4whiskey4wine4beer. Table 2 demonstrates the association between alcohol consumption and blood pressure in a linear regression analysis in each company. A partial regression coefficient of alcohol consumption to SBP and DBP showed significant positive associations in almost every company, except for Companies A, F and J in SBP, and Companies A and J in DBP. A partial regression coefficient of alcohol consumption for SBP and DBP in the whole population was 0.87 for SBP (standard error (s.e.); 0.09, Po0.001) and 0.77 for DBP (s.e.; 0.06, Po0.001).
A comparison among the groups according to the type of alcoholic beverage that was mainly consumed exposed significant differences in SBP and DBP (Table 3) . Both SBP and DBP were highest in the shochu group. The wine group had the lowest SBP and the beer group had the lowest DBP. The difference in SBP between the shochu and wine groups was 6.9 mmHg, and the difference in DBP between the shochu and beer groups was 3.6 mmHg. Type of alcoholic beverage and BP in Japan T Okamura et al
These relations did not change after adjusting for age. However, analysis of covariance involving as adjustment for alcohol consumption resulted in the disappearance of the significant difference in SBP and DBP. After further adjustment for BMI, sodium and potassium excretion, the P-values of the analysis of covariance for both SBP and DBP were increased more. Finally, the difference between the highest SBP group (whiskey) and the lowest SBP group (wine) was 2.8 mmHg, and the difference between the highest DBP group (sake) and the lowest DBP group (other) was 1.3 mmHg.
The prevalence of 'high-normal blood pressure or greater' and hypertension among drinkers was 25.2% (n ¼ 643) and 13.0% (n ¼ 331), respectively. Table 4 shows the results of a logistic regression analysis. In model 1, in which we adjusted for age, the Shochu group showed a significant positive association with 'high-normal blood pressure or greater', with an odds ratio (OR) of 1.85 (95% confidence interval (95% CI); 1.43-2.41), compared with the beer group. There was no significant relation between any type of alcoholic beverage and hypertension, although the OR of the shochu Adjusted by the analysis of covariance.
Type of alcoholic beverage and BP in Japan T Okamura et al group was of borderline significance (OR 1.34, 95% CI 0.96-1.88, P ¼ 0.086). In model 2, in which we adjusted for alcohol consumption, the shochu group still exhibited a significant positive association with 'high-normal blood pressure or greater' (OR 1.43, 95% CI 1.06-1.95). However, in model 3, a logistic regression analysis adding adjustments for BMI, and sodium and potassium excretion resulted in a loss of the significant difference of the shochu group. These results did not substantially differ once we excluded three companies (A, F and J) that did not have a significant association of alcohol consumption with SBP and/or DBP in a linear regression analysis.
Discussion
The present study of middle-aged Japanese workers demonstrated that both SBP and DBP were different according to the type of alcoholic beverage that was mainly consumed. The Shochu drinker group presented the highest SBP and DBP, and the highest prevalence of 'high-normal blood pressure or greater'. However, adjustments for confounding factors including total alcohol consumption, BMI, urinary sodium and potassium excretion resulted in the disappearance of any significance. Potential mechanisms by which moderate ethanol intake might reduce the incidence of cardiovascular disease have previously been reported. 14, [26] [27] [28] [29] Alcohol intake has been associated with elevated serum high-density lipoprotein (HDL) cholesterol, 14,26 as well as reductions in blood clotting factors, 27 platelet aggregation, 28 and insulin resistance. 29 Some studies have demonstrated a more beneficial effect for wine than for other alcoholic beverages. 17, 18 For example, Ruidavets et al 18 suggested that wine drinkers had better blood lipid profiles than nonwine drinkers . However, most researchers have suggested that the benefit of wine intake was due to the advantageous lifestyle characteristics related to wine drinking. [15] [16] [17] There is not sufficient evidence to support the contention that the type of alcoholic beverage per se has any effect on cardiovascular risk factors or the development of cardiovascular disease. 30, 31 Japanese lifestyle, particularly dietary habits, has changed dramatically in the past four decades. Traditional Japanese food is low in fat and high in salt. However, the Japanese diet increasingly resembles the Western diet. 32 Although the incidence of stroke has remarkably decreased following advances in the control of hypertension, [33] [34] [35] hypertension is still the most important cardiovascular risk factor in Japan. 36 However, there have been few studies in Japan focusing on the difference in blood pressure with respect to the type of alcoholic beverage consumed. Kitamura et al 5 reported that drinkers who consume mainly sake have a higher prevalence of hypertension than those consuming other However, neither of these studies included information on urinary sodium or potassium excretion. In the present study, shochu drinkers had the highest total alcohol consumption, body mass index and urinary sodium excretion. These factors may explain the highest blood pressure and the highest prevalence of 'high-normal blood pressure or greater' in the shochu group in the crude analysis.
We observed the lowest SBP and DBP in the wine group; however, the differences did not reach statistical significance after adjusting for confounding factors. Furthermore, because the prevalence of wine drinkers was very small in this population (n ¼ 50, 2% of drinkers), wine consumption is not thought to play an important role concerning the development of cardiovascular disease in the Japanese population, which has a markedly lower coronary mortality rate than Western populations. 37 There are some limitations in the present study. The first is the issue of residual confounding factors affecting blood pressure. We do not adjust for the possible confounding effects of physical activity, 38 mental stress, 39 protein intake 40 or genetic factors. 22, 41 The second is the use of a simple formula to estimate the urinary sodium and potassium excretion. However, this formula was validated based on the Intersalt study, a large, international study with 24-h urinary collection, 25, 42 and is considered useful for estimating population mean levels of 24-h sodium and potassium excretion. 24 Finally, because most of the participants consumed many kinds of alcoholic beverages, we had to classify them according to the type of alcoholic beverage consumed, which provided two-thirds of their ethanol intake. Therefore, our results do not indicate a pure effect for each type of alcoholic beverage.
In conclusion, there may be no discernible differences in the effects of popular types of Japanese alcoholic beverages on blood pressure. This result is consistent with the results of other epidemiologic or metabolic studies concerning the effects of different types of alcoholic beverages on blood pressure 43 or lipids. 14, 30 To decrease blood pressures nationwide, it is important to reduce, or at least not to increase, alcohol consumption in the Japanese population, irrespective of the type of beverage consumed. 
